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(57) ABSTRACT

A spark plug wherein an outer diameter of a first face that is
a gap foliating face of the center electrode tip is denoted as
R1, an outer diameter of a second face that is a gap forming
face of the ground electrode tip is denoted as R2, a length of
the gap is denoted as G1, and an average distance of a distance
between an end in the first direction of the first face and an end
in the first direction of the second face and a distance between
anend in the second direction of the first face and an end in the
second direction of the second face is denoted as G2, R1<R2,
0.5 mm=R1=<1.1 mm, 0.7 mm=R2=<1.2 mm, 0.6 mm=Gl=1.3
mm, and 1.4=(R2/R1)x(G2/G1)=<1.8 are satisfied.

4 Claims, 4 Drawing Sheets
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1
SPARK PLUG

RELATED APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2014-004168, filed Jan. 14, 2014.

FIELD OF THE INVENTION

The present invention relates to a spark plug used for igni-
tion in an internal combustion engine and the like.

BACKGROUND OF THE INVENTION

In a spark plug, a voltage is applied between a center
electrode and a ground electrode that are insulated from each
other by an insulator, and thereby a spark occurs at a gap
formed between the front end part of the center electrode and
the front end part of the ground electrode. As the ground
electrode of the spark plug, there has been known a configu-
ration in which a projection part projecting toward the center
electrode from a ground electrode body is provided and the
end part of the projection part forms the gap. Providing the
projection part results in a longer distance between the gap
and the ground electrode body. As a result, it is suppressed
that the growth of a flame generated at the gap is restricted by
the ground electrode body, so that ignitability of the spark
plug can be improved. Further, the end part of the projection
part is formed by using a noble metal, so that the wear resis-
tance can be improved.

SUMMARY OF THE INVENTION

Inrecent years, however, due to a higher compression of an
air-fuel mixture in the internal combustion engine, there has
been an increased demand for the ignitability and/or the wear
resistance of a spark plug. Therefore, further improvement of
the ignitability and the wear resistance of the spark plug are
desired.

An advantage of the present invention is improvement to
the ignitability and the wear resistance of the spark plug.

The present invention has been made to solve at least a part
of the above advantage and can be implemented as the fol-
lowing application examples.

APPLICATION EXAMPLE 1

In accordance with a first aspect of the present invention,
there is provided a spark plug having:

acenter electrode having a center electrode body extending
along an axial direction and a center electrode tip joined to a
front end of the center electrode body;

an insulator having an axial hole extending in the axial
direction, wherein the center electrode is arranged in the axial
hole;

ametal shell arranged around an outer circumference of the
insulator; and a ground electrode including a ground elec-
trode body electrically connected to the metal shell and a
projection part that is a portion projecting toward the center
electrode from an end part of the ground electrode body and
includes a ground electrode tip forming a gap between itself
and the center electrode tip,

wherein, in a particular cross section including a center
axis of the center electrode tip,

when two directions that are orthogonal to a center axis of
the center electrode tip and opposed to each other are denoted
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as a first direction and a second direction, an outer diameter of
a first face that is a face of the center electrode tip forming the
gap is denoted as R1,

an outer diameter of a second face that is a face of the
ground electrode tip forming the gap is denoted as R2,

a length of the gap is denoted as G1, and

an average distance of a distance between an end in the first
direction of'the first face and an end in the first direction of the
second face and a distance between an end in the second
direction of the first face and an end in the second direction of
the second face is denoted as G2,

RI1<R2,

0.5 mm=R1=<1.1 mm,

0.7 mm=R2<1.2 mm,

0.6 mm=Gl=1.3 mm, and

1.4=(R2/R1)x(G2/G1)<1.8

are satisfied.

A larger outer diameter R2 of the ground electrode tip with
respect to the outer diameter R1 of the center electrode tip
tends to result in the improvement of the wear resistance of
the spark plug but also result in the degeneration of the ignit-
ability of the spark plug. Further, a larger distance G2
between the edges of the electrodes with respect to the gap
length G1 tends to result in the improvement of the wear
resistance of the spark plug but also result in the degeneration
of the ignitability of the spark plug. According to the above
configuration, the optimization of the values of R1, R2, G1,
and G2 allows for achieving both wear resistance and ignit-
ability of the spark plug. Therefore, the ignitability and the
wear resistance can be improved.

APPLICATION EXAMPLE 2

In accordance with a second aspect of the present inven-
tion, there is provided a spark plug according to the applica-
tion example 1, wherein (R2/R1)x(G2/G1)=<1.69 is satisfied.

According to the above configuration, the further optimi-
zation of the values of R1, R2, G1, and G2 allows for further
improvement of the wear resistance of the spark plug.

APPLICATION EXAMPLE 3

In accordance with a third aspect of the present invention,
there is provided a spark plug according to the application
example 2, wherein, when a length to the second face from a
surface of the ground electrode body on which the projection
part is arranged is denoted as T, 0.7 mm=T=<1.1 mm is satis-
fied.

A larger length T from the surface of the ground electrode
body to the second face that is a face forming the gap of the
ground electrode tip tends to result in the improvement of the
ignitability but also result in the degeneration of the wear
resistance. According to the above configuration, the optimi-
zation of the value of T allows for further improvement of the
wear resistance and the ignitability of the spark plug.

APPLICATION EXAMPLE 4

In accordance with a fourth aspect of the present invention,
there is provided a spark plug according to any one of the
application example 1 to the application example 3,

wherein the ground electrode body is a bar-shaped member
including a base material that is a portion forming at least a
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part of a surface of the ground electrode body and a core part
buried in the base material and having a higher thermal con-
ductivity than the base material, and

wherein, when a length in a longitudinal direction of a
portion including the core part of the ground electrode body
along a shape of the ground electrode body is denoted as L.
and a length in the axial direction from a front end of the metal
shell to a front end of the ground electrode is denoted as C,
0.98=(L/C)=<1.48 is satisfied.

Alonger length L. of the core part with respect to the length
Cin the axial direction from the front end of the metal shell to
the front end of the ground electrode allows for the improve-
ment of the heat conductivity performance of the ground
electrode. A higher heat conductivity performance of the
ground electrode allows for the suppression of the occurrence
of the pre-ignition due to the ground electrode. On the other
hand, a higher heat conductivity performance causes the
degeneration of the anti-peeling performance. According to
the above configuration, the optimization of (L/C) that is the
ratio of the length L to the length C allows for achieving both
suppression of the occurrence of the pre-ignition due to the
ground electrode and improvement of the anti-peeling per-
formance.

It is noted that the present invention can be implemented in
various forms, for example, can be implemented in the forms
of a spark plug and an ignition apparatus with a use of the
spark plug, an internal combustion engine in which the spark
plug is mounted, an internal combustion engine in which the
ignition apparatus with the use of the spark plug is mounted,
and so on.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a spark plug 100 of the present
embodiment;

FIG. 2 is a sectional view in which a part around a front end
of'the spark plug 100 is cut by a plane including an axial line

FIG. 3 is an enlarged view around a pair of electrode tips 29
and 39 of the sectional view of FIG. 2;

FIG. 4A is a sectional view illustrating a configuration of
an end part of a spark plug used in comparison testing;

FIG. 4B is a view of the front and part of the ground
electrode shown in FIG. 4A, viewed from the rear end direc-
tion BD side toward the front end direction FD.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A. Embodiments
A-1. Configuration of the Spark Plug:

Embodiments of the present invention will be described
below based on the drawings. FIG. 1 is a sectional view of a
spark plug 100 of the present embodiment. The dot-dash line
of FIG. 1 represents an axial line CO of the spark plug 100
(also referred to as axial line CO). The direction parallel to the
axial line CO (the vertical direction in FIG. 1) is also referred
to as axial direction. The radial direction of a circle centered
at the axial line CO is also referred to as simply “radial
direction”, and the circumferential direction of the circle cen-
tered at the axial line CO is also referred to as simply “cir-
cumferential direction”. The downward direction in FIG. 1is
referred to as front end direction FD and the upward direction
is referred to as rear end direction BD. The lower side in FIG.
1 is referred to as front end side in the spark plug 100 and the
upper side in FIG. 1 is referred to as rear end side in the spark
plug 100. The spark plug 100 has an insulator 10 as an
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4

insulator, a center electrode 20, a ground electrode 30, a
terminal metal fitting 40, and a metal shell 50.

The insulator 10 is formed by sintering alumina and the
like. The insulator 10 is substantially a cylindrical member
extending along the axial direction and having a through-hole
12 (an axial hole) penetrating the insulator 10. The insulator
10 has a flange part 19, a rear-end-side trunk part 18, a
front-end-side trunk part 17, a step part 15, and a nose part 13.
The rear-end-side trunk part 18 is located in the rear end side
of'the flange part 19 and has a smaller diameter than the outer
diameter of the flange part 19. The front-end-side trunk part
17 is located in the front end side of the flange part 19 and has
a smaller diameter than the outer diameter of the flange part
19. The nose part 13 is located in the front end side of the
front-end-side trunk part 17 and has a smaller diameter than
the outer diameter of the front-end-side trunk part 17. When
the spark plug 100 is mounted in the internal combustion
engine (not shown), the nose part 13 is exposed in a combus-
tion chamber of the internal combustion engine. The step part
15 is formed between the nose part 13 and the front-end-side
trunk part 17.

The metal shell 50 is a cylindrical metal shell formed of a
conductive metal material (for example, a low-carbon steel
material) adapted to fix the spark plug 100 to an engine head
(depiction is omitted) of the internal combustion engine. In
the metal shell 50, an insertion hole 59 penetrating it along the
axial line CO is formed. The metal shell 50 is arranged around
the outer circumference of the insulator 10. That is, the insu-
lator 10 is inserted and held inside the insertion hole 59 of the
metal shell 50. The front end of the insulator 10 protrudes to
the front end side with respect to the front end of the metal
shell 50. The rear end of the insulator 10 protrudes to the rear
end side with respect to the rear end of the metal shell 50.

The metal shell 50 has a hexagonal-cylindrical tool
engagement part 51 to which a spark plug wrench is engaged,
a mounting screw part 52 for installation to the internal com-
bustion engine, and a flange-like seat part 54 formed between
the tool engagement part 51 and the mounting screw part 52.
The nominal diameter of the mounting screw part 52 is any
one of M8 (8 mm (millimeter)), M10, M12, M14, and M18,
for example.

An annular gasket 5 that is formed by bending a metal sheet
is inserted and fitted between the mounting screw part 52 and
the seat part 54 of the metal shell 50. The gasket 5 seals the
clearance between the spark plug 100 and the internal com-
bustion engine (the engine head) when the spark plug 100 has
been installed to the internal combustion engine.

The metal shell 50 further has a thin crimp part 53 provided
to the rear end side in the tool engagement part 51, and a thin
compressively deformed part 58 provided between the seat
part 54 and the tool engagement part 51. Annular ring mem-
bers 6 and 7 are arranged in the annular area formed between
the inner circumference surface of the portion from the tool
engagement part 51 up to the crimp part 53 of the metal shell
50 and the outer circumference surface of the rear-end-side
trunk part 18 of the insulator 10. Powder of talc (talcum) 9 is
filled between the two ring members 6 and 7 in that area. The
rear end of the crimp part 53 is bent inward in the radial
direction and fixed to the outer circumference surface of the
insulator 10. The compressively deformed part 58 of the
metal shell 50 is compressed and deformed at the manufac-
turing by that the crimp part 53 fixed to the outer circumfer-
ence surface ofthe insulator 10 is pressed toward the front end
side. The compression deformation of the compressively
deformed part 58 causes the insulator 10 to be pressed toward
the front end side within the metal shell 50 via the ring
members 6 and 7 and the talc 9. The step part 15 of the
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insulator 10 (an insulator-side step part) is pressed by a step
part 56 formed on the inner circumference of the mounting
screw part 52 of the metal shell 50 (a metal shell-side step
part) via a metallic annular plate packing 8. As a result, the
plate packing 8 prevents the gas inside the combustion cham-
ber of the internal combustion engine from being leaked out
from the clearance between the metal shell 50 and the insu-
lator 10.

The center electrode 20 has a bar-shaped center electrode
body 21 extending along the axial direction and a column-
shaped center electrode tip 29 joined to the front end of the
center electrode body 21. The center electrode body 21 is
arranged at a portion in the front end side inside the through-
hole 12 of the insulator 10. The center electrode body 21 has
structure including an electrode base material 21A and a core
part 21B buried inside the electrode base material 21A. The
electrode base material 21A is formed of, for example, nickel
or an alloy whose main component is nickel, which is the
Inconel™ 600 in the present embodiment. The core part 21B
is formed of copper or an alloy whose main component is
copper that is superior in the thermal conductivity to the alloy
forming the electrode base material 21 A, which is copper in
the present embodiment.

Further, the center electrode body 21 has a flange part 24
(also referred to as flange part) provided at a predetermined
position in the axial direction, a head part 23 (an electrode
head part) that is a portion in the rear end side of the flange
part 24, and a nose part 25 (an electrode nose part) that is a
portion in the front end side of the flange part 24. The flange
part 24 is supported by a step part 16 of the insulator 10. The
front end portion of the nose part 25, that is, the front end of
the center electrode body 21 projects in the front end side with
respect to the front end of the insulator 10.

The ground electrode 30 has a ground electrode body 31
joined to the front end of the metal shell 50 and a column-
shaped ground electrode tip 39.

The terminal metal fitting 40 is a bar-like member extend-
ing in the axial direction. The terminal metal fitting 40 is
formed of a conductive metal material (for example, a low-
carbon steel) and, on the surface of the terminal metal fitting
40, a metallic layer (for example, an Ni layer) for anti-corro-
sion is formed by plating or the like. The terminal metal fitting
40 has a flange part 42 (a terminal flange part) formed at a
predetermined position in the axial direction, a cap mounting
part 41 located in the rear end side of the flange part 42, and
anose part 43 (a terminal nose part) in the front end side of the
flange part 42. The cap mounting part 41 of the terminal metal
fitting 40 is exposed in the rear end side of the insulator 10.
The nose part 43 of the terminal metal fitting 40 is inserted in
the through-hole 12 of the insulator 10. To the cap mounting
part41,aplug cap connected with a high-voltage cable (out of
the figure) is mounted and a high voltage for generating a
spark is applied.

Inside the through-hole 12 of the insulator 10, a resistor 70
for reducing the radio interference noise at the occurrence of
the spark is arranged between the front end of the terminal
metal fitting 40 (the front end of the nose part 43) and the rear
end of the center electrode 20 (the rear end of the head part
23). The resistor 70 is formed of a composition containing
glass particles as the main component, ceramic particles other
than the glass, and a conductive material. Inside the through-
hole 12, the clearance between the resistor 70 and the center
electrode 20 is filled with a conductive seal 60. The clearance
between the resistor 70 and the terminal metal fitting 40 is
filled with a conductive seal 80. The conductive seals 60 and
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80 are formed of a composition containing glass particles,
such as B,0,—S8i0, based glass, and metal particles (Cu, Fe,
and the like).

A-2. Configuration of the Front End Portion of the Spark Plug
100:

The configuration around the front end of the above-de-
scribed spark plug 100 will be further described in detail. FIG.
2 is a sectional view in which the part around the front end of
the spark plug 100 is cut by a plane including the axial line
CO. In the spark plug 100 of the present embodiment, the
center axis of the column-shaped center electrode tip 29
matches the axial line CO of the spark plug 100. Thus, it can
be said that the cross section in FIG. 2 is a particular cross
section including the center axis of the center electrode tip 29.
The cross section in FIG. 2 further passes through the center
in the circumferential direction of the rear end part of the
ground electrode body 31. Therefore, the cross section in
FIG. 2 includes the cross section of the ground electrode body
31.

The ground electrode body 31 is a curved bar-like member
whose cross section is a rectangle. A rear end part 31A ofthe
ground electrode body 31 is joined to a front end surface 50A
of the metal shell 50. Thereby, the metal shell 50 and the
ground electrode body 31 are electrically connected to each
other. A front end part 31B of the ground electrode body 31 is
a free end.

The ground electrode body 31 has structure including an
electrode base material 31C and a core part 31D buried in the
electrode base material 31C. The electrode base material 31C
is formed of a metal having a high anti-corrosion, for
example, a nickel alloy, which is the Inconel 601 in the
present embodiment. The core part 31D is formed by using a
metal having a higher thermal conductivity (a better thermal
conductivity) than the electrode base material 31C, for
example, copper or an alloy containing copper, which is cop-
perinthe present embodiment. It can be said that the electrode
base material 31C is a portion forming the surface of the
ground electrode body 31. A part of the core part 31D may be
exposed in the surface of the ground electrode body 31, and
the electrode base material 31C can be a portion forming at
least a part of the surface of the ground electrode body 31.

In the cross section in FIG. 2, the length L of the portion
including the core part 31D of the ground electrode body 31
is defined as follows. A position closest to the front end part
31B of the core part 31D is denoted as a point P1. In the
surface of the ground electrode body 31, the line representing
the face facing the center electrode 20 side is denoted as an
inner side line IL. and the line representing the face facing
away from the center electrode 20 is denoted as an outer side
line OL. The line connecting the points where the distance
from the inner side line IL is equal to the distance from the
outer side line OL is denoted as a center line CLL of the ground
electrode body 31. The intersection point of a line TL that
passes through the point P1 and is orthogonal to the inner side
line 1L and the center line CL of the ground electrode body 31
is denoted as a point P2. The length along the center line CL.
is the length in the longitudinal direction along the shape of
the ground electrode body 31. In the center line CL, the length
of'the portion from a rear end point P3 to the point P2 can be
considered to be the length L. of the portion including the core
part 31D described above.

Here, the intersection point of the line TL of FIG. 2 and the
inner side line IL is denoted as a point P4. Further, the inter-
section point of the line TL and the outer side line OL is
denoted as a point P5. Further, in the inner side line IL, the
length of the portion from a rear end point P6 to the point P4
is denoted as L1. Further, in the outer side line OL, the length
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of the portion from a rear end point P7 to the point P5 is
denoted as [.2. Here, the length L of the portion including the
core part 31D described above, that is, the length of the
portion from the rear end point P3 to the point P2 in the center
line CL is substantially equal to the average value of the
length [.1 and the length L.2. Thus, in the present specifica-
tion, the length L of the portion including the core part 31D
described above (hereafter, also referred to as core part length
L) is defined as L=(1.1+1.2)/2.

Furthermore, the length in the axial direction from the front
end of the metal shell 50 (the front end surface 50A) to the
front end of the ground electrode 30 (the front end of the
ground electrode body 31) is denoted as C (hereafter, also
referred to as end part length C).

Further, the cross section of the ground electrode body 31
cut by aplane orthogonal to the center line CL is a rectangular.
The length of the edge parallel to this cross section of FIG. 2
of the rectangular is denoted as W1. The length of the edge
orthogonal to this cross section of FIG. 2 of the rectangular
(the length in the depth direction in FIG. 2) is denoted as W2
(depiction is omitted).

FIG. 3 is an enlarged view around the electrode tips 29 and
39 of the sectional view of FIG. 2. The center electrode tip 29
is joined to the front end of the center electrode body 21 (the
front end of the nose part 25) by, for example, using a laser
welding. The portion labeled with number 27 of FIG. 2 is a
welded part formed by the laser welding when the center
electrode tip 29 is joined. The center electrode tip 29 is
formed of the material whose main component is a noble
metal of a high melting point. For the material of the center
electrode tip 29, for example, Iridium (Ir) or an alloy whose
main component is Iris used and, in the present embodiment,
an Ir-11Ru-8Rh-1Ni alloy (an Iridium alloy containing
Ruthenium of 11 weight %, Rhodium of 8 weight %, and
nickel of 1 weight %) is used.

The ground electrode tip 39 is joined to a face that faces the
center electrode 20 side of the surface of the ground electrode
body 31 by, for example, using a laser welding. More specifi-
cally, the ground electrode tip 39 is resistance-welded to a
surface 318 of the ground electrode body 31. The laser weld-
ing is then provided and thereby the ground electrode tip 39 is
firmly joined to the ground electrode body 31. After the
resistance welding is done, the end in the front end direction
FD of the ground electrode tip 39 is buried in the ground
electrodebody 31. Thus, as illustrated in FIG. 3, a contact face
31H of the ground electrode body 31 contacting with the
ground electrode tip 39 is located in the front end direction FD
side with respect to the surface 31S of the ground electrode
body 31. Alternatively, a bottomed, i.e., bored, opening hav-
ing substantially the same diameter as the ground electrode
tip 39 may be formed in the surface 31S of the ground elec-
trode body 31. Then, the laser welding may be provided in a
state where the end in the front end direction FD ofthe ground
electrode tip 39 is fitted in the bottomed, i.e., bored, opening.
Further, as a result that the ground electrode tip 39 has been
joined to the ground electrode body 31 in such the way, the
column-shaped ground electrode tip 39 projects toward the
center electrode 20 (the center electrode tip 29) from the
surface of the ground electrode body 31. The portion labeled
with the number 37 in FIG. 2 is a welded part formed by the
laser welding in joining the ground electrode tip 39. For the
material of the electrode tip 39, for example, Pt (platinum) or
an alloy whose main component is Pt is used and, in the
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8
present embodiment, a Pt-20Rh alloy (a platinum alloy con-
taining rhodium of 20 weight %) and the like is used.

As described above, the center axis of the center electrode
tip 29 and the center axis of the ground electrode tip 39 are
matched to the axial line CO in the present embodiment. A
front end face 29S of'the center electrode tip 29 and a rear end
face 39S of the ground electrode tip 39 are opposed to each
other in the axial direction and form a gap. In this gap, a spark
occurs at the operation of the spark plug 100. These faces 29S
and 39S are also referred to as gap forming faces. The dis-
tance between the gap forming face 29S of the center elec-
trode tip 29 and the gap forming face 39S of the ground
electrode tip 39, that is, the length of the gap (hereafter, also
referred to as gap distance) is denoted as G1.

Further, the outer diameter of the gap forming face 29S of
the center electrode tip 29 is denoted as R1, and the outer
diameter of the gap forming face 39S of the ground electrode
tip 39 is denoted as R2. The outer diameter R1 is also referred
to as center electrode tip diameter R1 and the outer diameter
R2 is also referred to as ground electrode tip diameter R2. In
the present embodiment, the ground electrode tip diameter R2
is set larger than the center electrode tip diameter R1
(R1<R2).

The right direction in the sectional view of FIG. 3 is
denoted as a first direction and the left direction is denoted as
a second direction. The first direction and the second direc-
tion are two directions that are orthogonal to the center axis of
the center electrode tip 29 (matching the axial line CO in the
present embodiment) and directed to the opposite to each
other. In the cross section in FIG. 3, the distance between an
end E1 in the first direction of the gap forming face 29S of the
center electrode tip 29 and an end E2 in the first direction of
the gap forming face 39S of the ground electrode tip 39 is
denoted as G21. Further, in the cross section in FIG. 3, the
distance between an end E3 in the second direction of the gap
forming face 29S of the center electrode tip 29 and an end E4
in the second direction of the gap forming face 39S of the
ground electrode tip 39 is denoted as G22. The average dis-
tance of two distances G21 and G22 is then denoted as G2
(hereafter, also referred to as edge-to-edge distance G2).

In the present embodiment, since the center axis of the
center electrode tip 29 matches the center axis of the ground
electrode tip 39, the two distances G21 and G22 are equal to
each other (G21=G22=G2).

The length from the surface 31S provided with the ground
electrode tip 39 of the ground electrode body 31 to the gap
forming face 39S of the ground electrode tip 39 is denoted as
T (hereafter, also referred to as projection length T).

B: First Evaluation Test

In the first evaluation test, as indicated in Table 1, 20 types
of samples Al to A20 of the spark plug 100 were fabricated
and an ignitability test and a wear resistance test were done.
The dimensions common to each sample are as follows:

The end part length C: 6.1 mm

The core part length L: 7 mm

The axial direction length H of the center electrode tip 29:
0.5 mm

The projection length T (the axial direction length of the
ground electrode tip 39): 0.5 mm

The length W1 of the edge of the cross section orthogonal
to the center line CL of the ground electrode body 31: 1.4 mm

The length W2 of the edge of the cross section orthogonal
to the center line CL of the ground electrode body 31: 2.5 mm.
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TABLE 1
Center Ground
Sample  electrodetip electrodetip Gap Edge-to-edge (R2/R1)x Wear
number  diameter R1 diameter R2 Gl  distance G2  (G2/G1) Ignitability  resistance
Al 0.55 0.7 1.1 1.1 1.28  Good Poor
A2 0.55 0.75 0.9 0.91 1.37  Good Poor
A3 0.55 0.75 1.1 1.11 1.37  Good Poor
A4 0.55 1 0.6 0.64 1.94  Poor Good
A5 0.55 1 0.8 0.83 1.89  Poor Good
A6 0.6 1 0.6 0.63 1.76  Good Good
A7 0.6 0.8 0.8 0.81 1.34  Good Poor
A8 0.6 1 0.8 0.83 1.72 Good Good
A9 0.6 1 1.1 1.12 1.69  Good Excellent
AlO 0.7 0.75 1.3 1.3 1.07  Good Poor
All 0.7 0.8 0.8 0.8 1.15  Good Poor
Al2 0.7 1 0.6 0.62 1.47  Good Excellent
Al3 0.7 1 0.8 0.81 1.45  Good Excellent
Al4 0.7 1 0.9 0.91 1.45  Good Excellent
Al5 0.7 1.2 0.8 0.84 1.8 Good Good
Al6 0.8 1 0.6 0.61 1.27  Good Poor
Al7 0.8 1 0.8 0.81 1.26  Good Poor
AlR 0.8 1.1 0.8 0.81 1.4 Good Excellent
Al9 1 1.2 0.8 0.81 1.21  Good Poor
A20 1 1.2 1.1 1.11 1.21  Good Poor

The 20 types of the samples are different from each otherin

at least one value of the center electrode tip diameter R1, the
ground electrode tip diameter R2, the gap distance G1, and
the edge-to-edge distance G2. The center electrode tip diam-
eter R1 is any one of the values 0'0.55 mm, 0.6 mm, 0.7 mm,
0.8 mm, and 1.0 mm. The ground electrode tip diameter R2 is
any one of the values of 0.7 mm, 0.75 mm, 0.8 mm, 1.0 mm,
1.1 mm, and 1.2 mm so as to be larger value than the center
electrode tip diameter R1. As such, the center electrode tip
diameter R1 and the ground electrode tip diameter R2 are set
to satisfy R1<R2, 0.5 mm=R1=<1.1 mm, and 0.7 mm=R2=<1.2
mm.
Further, the gap distance (1 is any one of the values of 0.6
mm, 0.8 mm, 0.9 mm, 1.1 mm, and 1.3 mm. The gap distance
G1 is changed by adjusting the axial direction length of the
center electrode body 21. As such, the gap distance G1 is set
to satisty 0.6 mm=G1=<1.3 mm. The edge-to-edge distance
(32 is the value determined by the gap distance G1, the center
electrode tip diameter R1, and the ground electrode tip diam-
eter R2, and the measurement of the edge-to-edge distance
(2 (the average value of the measurements of the distances
G21 and G22) is listed in Table 1.

In Table 1, the value of (R2/R1)x(G2/G1) derived by cal-
culation is listed as an index value of the sample.

Furthermore, spark plugs of the comparison form were
fabricated as the objects to be compared and the same tests as
for the samples Al to A20 of the spark plug 100 were done.
FIGS. 4(A) and 4(B) are diagrams showing a configuration of
an end part of the spark plug of a comparison form. FIG. 4(A)
is a sectional view of a part around the front end part of the
ground electrode of a spark plug used in comparison testing.
This cross section is a cross section including the center axis
of the center electrode tip similarly to FIG. 3. FIG. 4(B) is a
view of a part around the front end part of the ground elec-
trode of the spark plug shown in FIG. 4A of the comparison
form when viewed from the rear end direction BD side toward
the front end direction FD.

In the ground electrode of the spark plug of the comparison
form, a plate-like ground electrode tip 39X that is a rectangle
inthe plan view is used. The ground electrode body 31X of the
spark plug of the comparison form has a taper face 31XT
formed to have the width decreasing toward the end where the
ground electrode tip 39X is arranged (the end in the right
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direction in FIG. 4). The ground electrode tip 39X is resis-
tance-welded to a surface 31XS in the center electrode side in
the ground electrode body 31X. As a result, the ground elec-
trode tip 39X is buried in the ground electrode body 31X to
have a state that the gap forming face 39XS of the ground
electrode tip 39X projects toward the center electrode by 0.1
mm with respect to the surface 31XS of the ground electrode
body 31X. Alternatively, a groove may be formed in the
surface 31XS of the ground electrode body 31X, and the
ground electrode tip 39X may be resistance-welded to the
ground electrode body 31X in a state where the ground elec-
trode tip 39X is fitted in this groove. It is noted that, the sizes
of the ground electrode tip 39X are that: the shorter edge
length of the rectangle in the plan view CD=0.6 mm the
longer edge length CW=0.9 mm, and the thickness CH=0.3
mm.

The configurations other than the ground electrode of the
spark plug of the comparison form, for example, the configu-
ration of the center electrode, are the same as those of the
spark plug 100 of the embodiment. Therefore, in FIG. 4, the
same reference numerals as in FIG. 3 are provided and the
description of these configurations will be omitted. It is noted
that the spark plugs of the comparison form were fabricated to
have the gap distance G1 and the center electrode tip diameter
R1 that are the same values as respective samples of the spark
plug 100 of the embodiment.

In the ignitability test, respective samples and the spark
plugs of the comparison form (hereafter, also referred to as
comparison plug(s)) are mounted in the internal combustion
engine, respectively, and the Air/Fuel ratio at the ignition
limit was examined. Specifically, a gasoline engine featured
in a single cylinder, the DOHC (Double OverHead Cam-
shaft), a displacement of 1.5 L, a super-charger, and a high
tumble specification was operated at a revolution of 1600
rpm. The internal combustion engine of the high tumble
specification is an internal combustion engine in which the
flux of the tumble flow generated inside the combustion
chamber of the internal combustion engine is enhanced by the
improvement of the shape of the intake port. The Air/Fuel
ratio of the ignition limit, that is, the maximum ignitable
Air/Fuel ratio was then examined by reducing the amount of
the fuel supplied to the combustion chamber in one combus-
tion cycle to increase the Air/Fuel ratio stepwise. It is noted
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that the Air/Fuel ratio was incremented by 0.1. Then, when
the Air/Fuel ratio was increased stepwise, the Air/Fuel ratio at
which the change rate of the indicated mean effective pressure
(IMEP: Indicated Mean Effective Pressure) exceeded 5% was
employed as the Air/Fuel ratio at the ignition limit. The indi-
cated mean effective pressure is obtained by dividing a work
that a combustion gas applies to a piston for one cycle by a
stroke capacity, which is generally used in the evaluation of
the combustion state of the engine.

Further, the evaluation of the sample in which the Air/Fuel
ratio at the ignition limit was less than or equal to that of the
comparison plug was “Poor”. That is, the samples with the
difference (AF1-AF2) between the Air/Fuel ratio AF1 at the
ignition limit of the sample and the Air/Fuel ratio AF2 at the
ignition limit of the comparison plug was less than or equal to
0 were evaluated as “Poor”. Further, among the samples in
which the Air/Fuel ratio at the ignition limit was higher than
the comparison plug, the evaluation of the sample in which
the difference (AF1-AF2) was greater than or equal to 0.1
and less than or equal to 0.5 was “Good”, and the evaluation
of'the sample in which the difference (AF1-AF2) exceeds 0.5
was “Excellent”.

In Table 1, the evaluation result of the ignitability test of
each sample is indicated. The evaluation of two types of the
samples A4 and AS in which the index value ((R2/R1)x(G2/
G1) of Table 1) exceeds 1.8 was “Poor”. The evaluation of 18
types of the samples Al to A3 and A6 to A20 in which index
value is less than or equal to 1.8 was “Good”. There was no
sample whose evaluation was “Excellent”.

The reason for the above is estimated as follows. The
smaller the ground electrode tip diameter R2 with respect to
the center electrode tip diameter R1 is, the less the expansion
of'the flame generated at the spark gap (so called expansion of
the flame kernel) is likely to be restricted by the ground
electrode tip 39. It is therefore considered that the smaller the
ground electrode tip diameter R2 with respect to the center
electrode tip diameter R1 is (the smaller the R2/R1 is), the
more the ignitability of the spark plug is improved. Similarly,
the smaller the edge-to-edge distance G2 with respect to the
gap distance G1 is, the less the expansion of the frame is likely
to be restricted by the ground electrode tip 39. It is therefore
considered that the smaller the edge-to-edge distance G2 with
respect to the gap distance G1 is (the smaller the G2/G1 is),
the more the ignitability of the spark plug is improved. Based
on the above, it is considered that the restriction of the expan-
sion of the flame kernel can be suppressed and the ignitability
of the spark plug can be improved by setting the center elec-
trode tip diameter R1, the ground electrode tip diameter R2,
the gap distance G1, and the edge-to-edge distance G2 so that
the index value ((R2/R1)x(G2/G1) of Table 1) is less than or
equal to 1.8.

In the wear resistance test, respective samples and the
comparison plugs are mounted in the internal combustion
engine, respectively, and the increase amount of the gap dis-
tance GG1 before and after the operation was examined. Spe-
cifically, a gasoline engine featured in a serial three-cylinder,
the DOHC (Double OverHead Camshaft), a displacement of
0.66 L, a super-charger, and a high tumble specification was
operated at a revolution of 6000 rpm for 600 hours. Then,
after finishing the operation, the gap distance G1 was mea-
sured and the increase amount from the gap distance G1
before the operation was determined.

Further, the evaluation of the sample in which the increase
amount of the gap distance G1 was greater than or equal to
that of the comparison plug was “Poor”. That is, the samples
in which the difference (AG1-AG2) between the increase
amount AG1 of the gap distance G1 of the sample and the
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increase amount AG2 of the gap distance G1 of the compari-
son plug was O or greater were evaluated as “Poor”. Then,
among the samples in which the increase amount from the gap
distance G1 was less than that of the comparison plug, the
evaluation of the sample in which the difterence (AG1-AG2)
of the increase amount of the gap distance G1 was greater
than or equal to -0.11 and less than 0 was “Good”, and the
evaluation of the sample in which the difterence (AG1-AG2)
is less than -0.11 was “Excellent”.

In Table 1, the evaluation result of the wear resistance test
of'each sample is indicated. The evaluation of ten types of the
samples Al to A3, A7, A10, Al1, A16, A17, A19, and A20
whose index value ((R2/R1)x(G2/G1) of Table 1) is less than
1.4 was “Poor”. The evaluation of ten types of the samples A4
to A6, A8, A9, A12 to Al5, and A18 whose index value is
greater than or equal to 1.4 was “Good” or “Excellent”.

The reason for the above is estimated as follows. A larger
ground electrode tip diameter R2 with respect to the center
electrode tip diameter R1 results in a larger surface area of the
gap forming face 39S of the ground electrode tip 39, so that
the increase amount of the gap distance G1 is suppressed and
thus the wear resistance is improved. Further, the larger the
ground electrode tip diameter R2 with respect to the center
electrode tip diameter R1 is, the more the flow of the air-fuel
mixture is restricted by the ground electrode tip 39, so that the
flux near the spark gap is suppressed. As a result, this allows
for the suppression of the phenomenon in which the spark
occurs for multiple times at the spark gap (the blow-out of the
spark) due to the movement of the spark generated at the spark
gap caused by the flux, so that the wear resistance is
improved. Similarly, an excessively larger edge-to-edge dis-
tance G2 with respect to the gap distance G1 results in a larger
surface area of the gap forming face 39S of the ground elec-
trode tip 39, so that the increase amount of the gap distance
(1 and the flux near the spark gap are suppressed and thus the
wear resistance is improved. Based on the above, it is consid-
ered that the wear resistance can be improved by setting the
center electrode tip diameter R1, the ground electrode tip
diameter R2, the gap distance G1, and the edge-to-edge dis-
tance G2 so that the index value ((R2/R1)x(G2/G1) of Table
1) is greater than or equal to 1.4.

As set forth, based on the result of the first evaluation test,
in the spark plug that satisfies at least R1<R2, 0.5
mm=R1=<1.1 mm, 0.7 mm=R2=<1.2 mm, and 0.6 mm=Gl1<1.3
mm, it was confirmed that it is preferable to satisfy 1.4=<(R2/
R1)x(G2/G1)=1.8. In this way, the optimization of the values
of R1, R2, G1, and G2 allows for achieving both the wear
resistance and the ignitability of the spark plug 100. There-
fore, the ignitability and the wear resistance of the spark plug
100 can be improved.

In further details, among ten types of the samples whose
evaluation of the wear resistance was “Good” or “Excellent”,
that is, among the ten types of the samples whose index value
is greater than or equal to 1.4, the evaluation of five types of
the samples A9, A12to A14, and A18 in which the index value
is less than or equal to 1.69 was “Excellent”. Further, the
evaluation of five types of the samples A4 to A6, A8, and A15
whose index value exceeds 1.69 was “Good”.

As set forth, based on the result of the first evaluation test,
it was confirmed that it is preferable to satisfy (R2/R1)x(G2/
(G1)<1.69. In this way, the optimization of the values of R1,
R2, G1, and G2 allows for the further improvement of the
wear resistance of the spark plug 100.

C: Second Evaluation Test

In the second evaluation test, as indicated in Table 2, five
types of sample groups Bl to B5 were fabricated and the
ignitability test and the wear resistance test were done simi-
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larly to the first evaluation test. Among the five types of the
sample groups B1 to BS, the sample of the spark plug that is
to be the basis described later is different. Each sample group
includes six types of the samples. In the six types of the
samples included in one type of the sample group, the above-
described projection length T (FIG. 3) is different from each
other. The projection lengths T of these six types of the
samples are 0.3 mm, 0.5 mm, 0.7 mm, 0.9 mm, 1.1 mm, and
1.3 mm, respectively. In these six types of the samples, the
length of the axial direction of the ground electrode tip 39 and
the end part length C (FIG. 2) are changed, so that the pro-
jection length T only is changed without causing change in
the gap distance G1. Among these six types of the samples,
the arrangement and dimension except the axial direction
length of the ground electrode tip 39 and the end part length
C are the same as each other. For example, the sample group
B1 is fabricated by changing the length of the projection
length T based on the sample A18 of Table 1. Thus, the values
ofR1,R2, G1, and G2 of the sample group B1 are the same as
those of the sample A18 of Table 1. Further, the sample whose
projection length T is 0.5 mm in the sample group Bl is
completely the same as that of the sample A18 of Table 1.
Similarly, the sample groups B2 to BS are fabricated based on
the samples A14, A9, A8, and A15 of Table 1, respectively.
Therefore, the values of R1, R2, G1, and G2 of the sample
groups B2 to B5 are the same as those of the samples A14, A9,
A8, and A15 of Table 1, respectively.

As can be seen from this description, all of the sample
groups B1 to B5 satisfy 1.4=(R2/R1)x(G2/G1)=1.8. Among
them, three sample groups B1 to B3 further satisfy 1.4=<(R2/
R1)x(G2/G1)=<1.69.

TABLE 2
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“Excellent” and the evaluation result of the wear resistance of
the one type of the sample whose projection length T exceeds
1.1 mm is “Good”.

The reason for the above is estimated as follows. In general,
a lower temperature of the ground electrode tip 39 allows for
more reduction of the wear amount of the ground electrode tip
39, so that the wear resistance of the spark plug is improved.
A smaller projection length T results in a shorter distance
between the ground electrode body 31 and the spark gap, so
that the heat near the spark gap rising at a high temperature is
more likely to be transferred to the ground electrode body 31.
As a result, this allows for the improvement of the heat con-
ductivity performance and therefore the suppression of the
rise in the temperature of the ground electrode tip 39, so that
the wear resistance of the spark plug 100 can be improved. It
is thus considered that the projection length T of 1.1 mm or
less allows for the improvement of the heat conduction and
therefore the improvement of the wear resistance of the spark
plug 100.

As set forth, based on the result of the second evaluation
test, it was confirmed that it is more preferable to satisfy
1.4=(R2/R1)x(G2/G1)=<1.69 and 0.7 mm=T=<1.1 mm. In this
way, while a larger T tends to result in the improvement of the
ignitability but the degeneration of the wear resistance, the
optimization of the value of the projection length T further
allows for the improvement of the wear resistance and the
ignitability of the spark plug.

Itis noted that, as indicated in Table 2, in the sample groups
B4 and BS that satisfy 1.4=(R2/R1)x(G2/G1)=<1.8 but do not
satisty 1.4=(R2/R1)x(G2/G1)=1.69, the evaluation result of
the wear resistance of the sample whose projection length T is

Sample group

B1 B2 B3 B4 B3

Projection Wear Wear Wear Ignit- Wear Ignit- Wear
length T Ignitability  resistance Ignitability  resistance Ignitability  resistance ability resistance  ability resistance
0.3 Good Excellent Good Excellent Good Excellent Good Excellent Good Excellent

0.5 Good Excellent Good Excellent Good Excellent Good Good Good Good

0.7 Excellent Excellent Excellent Excellent Excellent Excellent Excellent Good Excellent Good

0.9 Excellent Excellent Excellent Excellent Excellent Excellent Excellent Good Excellent Good

1.1 Excellent Excellent Excellent Excellent Excellent Excellent Excellent Good Excellent Good

13 Excellent Good Excellent Good Excellent Good Excellent Good Excellent Good

As illustrated in Table 2, in all of the sample groups B1 to
BS5, the evaluation result of the ignitability of two types of the
samples whose projection length T is less than 0.7 mm is
“Good”, and the evaluation result of the ignitability of four
types of the samples whose projection length T is greater than
or equal to 0.7 mm is “Excellent”.

The reason for the above is estimated as follows. A greater
projection length T results in a longer distance between the
ground electrode body 31 and the spark gap, so that the
expansion of the flame as described above is less likely to be
restricted by the ground electrode body 31. It is therefore
considered that the greater the projection length T is, the more
the ignitability of the spark plug is improved. It is thus con-
sidered that the projection length T of 0.7 mm or greater
allows for suppressing the restriction of the expansion of the
flame kernel and therefore improving the ignitability.

Asindicated in Table 2, in all of the three sample groups B1
to B3 satistying 1.4=(R2/R1)x(G2/G1)=1.69, the evaluation
result of the wear resistance of the five types of the samples
whose projection length T is less than or equal to 1.1 mm is
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0.3 mm is “Excellent”. Further, the evaluation result of the
wear resistance of the five types of the samples whose pro-
jection length T is greater than or equal to 0.5 mm is “Good”.
In this way, in the sample groups B4 and BS5, although a
tendency that a smaller projection length T allows for the
improvement of the wear resistance was recognized, the
evaluation of “Excellent” was not obtained within the range
0of 0.7 mm=T=<1.1 mm.

In this way, it was confirmed that, when 1.4=(R2/R1)x(G2/
(G1)=<1.69 is satisfied, the advantageous effect of the improve-
ment of the wear resistance and the ignitability can be more
significantly obtained by the optimization of the projection
length T than the case where 1.4=<(R2/R1)x(G2/G1)=<1.69 is
not satisfied.

D: Third Evaluation Test

In the third evaluation test, as indicated in Table 3, seven
types of samples C1 to C7 were fabricated and a pre-ignition
test and an anti-peeling performance test were done. The
dimensions common to each sample are as follows:

The axial direction length H of the center electrode tip 29:
0.5 mm
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The projection length T (the axial direction length of the
ground electrode tip 39): 0.5 mm.

The length W1 of the edge of the cross section orthogonal
to the center line CL of the ground electrode body 31: 1.4 mm

The length W2 of the edge of the cross section orthogonal
to the center line CL of the ground electrode body 31: 2.5 mm

The center electrode tip diameter R1: 0.7 mm

The ground electrode tip diameter R2: 1 mm

The gap distance G1: 0.9 mm

The edge-to-edge distance G2: 0.91 mm

The index value (R2/R1)x(G2/G1): 1.45.

TABLE 3

Sample End part Core part Anti-peeling

number  length C length L L/C Pre-ignition performance
C1 6.1 0 0 Good Excellent
C2 8.1 4.5 0.56 Good Excellent
C3 4.6 4.5 0.98 Excellent Excellent
c4 8.1 9 1.11 Excellent Excellent
Cs 6.1 7 1.15 Excellent Excellent
C6 6.1 9 1.48 Excellent Excellent
Cc7 4.6 9 1.96 Excellent Good

As indicated in Table 3, in the seven types of the samples,
at least one of the end part length C and the core part length L.
is different from each other. Specifically, the end part length C
is any one of the values of 4.6 mm, 6.1 mm, and 8.1 mm. The
core part length L is any one of the values of 0 mm (no core
part), 4.5 mm, 7 mm, and 9 mm. It is noted that the end part
length C was adjusted by changing the axial direction of the
center electrode body 21 and the length along the center line
CL (FIG. 2) of the ground electrode body 31. In Table 3, the
value of the ratio (L/C) of the length L to the length C is also
listed.

In the pre-ignition test, each sample was mounted in the
internal combustion engine and the occurrence of the pre-
ignition (excessively early ignition) due to the ground elec-
trode 30 was examined. The pre-ignition is a failure that the
air-fuel mixture is ignited at an earlier timing than a normal
timing. It is considered that the part causing the pre-ignition,
that is, the part excessively heated and causing an unintended
ignition is the front end part of the insulator 10 and the like
besides the ground electrode 30. The pre-ignition due to the
ground electrode 30 is a pre-ignition in which the part exces-
sively heated and causing the unintended ignition is the
ground electrode 30. In the followings, the pre-ignition due to
the ground electrode 30 is simply referred to as pre-ignition.

Specifically, a gasoline engine featured in a serial four-
cylinder, the DOHC (Double OverHead Camshaft), a dis-
placement of 1.3 L, no super-charger, and a high tumble
specification was operated at full throttle (WOT (Wide-Open
Throttle)) and a revolution of 3500 rpm for two minutes. A
more advanced ignition timing of the spark plug during the
operation results in a greater calorific value that the sample is
subjected to, so that the pre-ignition is more likely to occur. In
the present evaluation test, in order to make the evaluation
under a more severe condition than the specified condition,
the ignition timing (the timing of supplying the voltage for the
ignition) was advanced by six degrees from the specified
ignition timing.

Then, the evaluation of the sample in which no pre-ignition
was recognized during the two-minute operation was “Excel-
lent”. The evaluation of the sample in which a slight pre-
ignition was recognized and no significant pre-ignition was
recognized during the two-minute operation was “Good”.
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The evaluation of the sample in which a significant pre-
ignition was recognized during the two-minute operation was
“Poor”.

When the operation of the internal combustion engine
stops after the ignition of the spark plug stopped under the
state of the pre-ignition occurring, it is determined that the
slight pre-ignition is occurring. When the operation of the
internal combustion engine continues by the self-ignition
despite the fact that the ignition of the spark plug stopped
under the state of pre-ignition occurring, it is determined that
the significant pre-ignition is occurring.

In Table 3, the evaluation result of the pre-ignition test of
each sample is indicated. The evaluation of two types of the
samples C1 and C2 whose (L/C) is less than 0.98 was “Good”.
The evaluation of five types of the samples C3 to C7 whose
(L/C) is greater than or equal to 0.98 was “Excellent”. There
was no sample evaluated as “Poor”.

The reason for the above is estimated as follows. A longer
core part length [ with respect to the end part length C (a
greater L/C) allows for the improvement of the heat conduc-
tivity performance due to the core part 31D (FIG. 2) having a
superior thermal conductivity. As a result, a greater (L/C)
allows for the suppression of the excessive heat of the ground
electrode 30 (in particular, the front end portion of the ground
electrode body 31 and/or the ground electrode tip 39), so that
the occurrence of the pre-ignition is suppressed. It is thus
considered that the occurrence of the pre-ignition can be
suppressed by the (L/C) being set to 0.98 or greater.

In the anti-peeling performance test, each sample was
mounted in the internal combustion engine and the occur-
rence of the crack was examined. Specifically, a gasoline
engine featured in a serial four-cylinder, the DOHC (Double
OverHead Camshaft), a displacement of 1.3 L, no super-
charger, and a high tumble specification was operated for 600
hours. During the operation, the operation at 5000 rpm for one
minute and the operation at 750 rpm (idling operation) for one
minute are repeated. Thereby, the heating and the cooling are
repeated to the spark plug 100.

Then, after the operation, it was checked whether or not a
crack has occurred between the ground electrode tip 39 and
the welded part 37 of each sample. Specifically, whether or
not there is a crack was checked by burying the ground
electrode 30 of each sample in a resin and polishing it to
expose the cross section illustrated in FIG. 3 and then observ-
ing the cross section by a magnifying glass. The evaluation of
the sample in which no crack was observed was “Excellent”.
The evaluation of the sample in which a crack was observed
but the removal of the ground electrode tip 39 was not
observed was “Good”. The evaluation of the sample in which
the removal of the ground electrode tip 39 was observed was
“Poor”.

In Table 3, the evaluation result of the anti-peeling perfor-
mance test of each sample is indicated. The evaluation of six
types of the samples C1 to C6 whose (L/C) is less than or
equal to 1.48 was “Excellent”. The evaluation of the sample
C7 whose (L/C) exceeds 1.48 was “Good”. There was no
sample evaluated as “Poor”.

The reason for the above is estimated as follows. The
higher heat conductivity performance is not always the better,
rather, there is a case where the high heat conductivity per-
formance is disadvantageous for the anti-peeling perfor-
mance. That is, the excessively high heat conductivity perfor-
mance, when the heating and the cooling are repeated to the
spark plug 100, causes increased change amount of the tem-
perature near the ground electrode tip 39. As a result, in the
thermal expansion and the thermal contraction of the mem-
bers due to the heating and the cooling, the excessively high
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heat conductivity performance causes an increased expansion
amount and contraction amount of the ground electrode tip
39, the welded part 37, and/or the front end part 31B of the
ground electrode body 31. As a result, the difference in the
thermal expansion coefficient between the welded part 37 and
the ground electrode tip 39 causes the stress occurring
between the welded part 37 and the ground electrode tip 39 to
increase. Further, the excessively high heat conductivity per-
formance causes an increased concentration gradient
between the welded part 37 near the ground electrode body 31
and the ground electrode tip 39 far from the ground electrode
body 31. This also causes the stress occurring between the
welded part 37 and the ground electrode tip 39 to increase.
Therefore, the crack is more likely to occur between the
welded part 37 and the ground electrode tip 39, so that the
anti-peeling performance is degenerated. Therefore, with the
(L/C) being set to 1.48 or less, the excessively increased heat
conductivity performance can be suppressed and the anti-
peeling performance can be improved.

As set forth, based on the result of the third evaluation test,
it was confirmed that it is more preferable to satisfy 0.98=<(L/
C)=1.48. In this way, although a higher heat conductivity
performance tends to result in the suppression of the occur-
rence of the pre-ignition but the degeneration of the anti-
peeling performance, the optimization of the (L/C) allows for
achieving both the suppression of the occurrence of the pre-
ignition and the improvement of the anti-peeling perfor-
mance.

D: Modified Examples:

In the above-described embodiment, the center axis of the
ground electrode tip 39 completely matches the center axis of
the center electrode tip 29. Alternatively, the center axis of the
ground electrode tip 39 may not match the center axis of the
center electrode tip 29 accidentally due to the manufacturing
error or on purpose for some reason in the design. Even when
the center axis of the ground electrode tip 39 matches or does
not match the center axis of the center electrode tip 29, any
particular cross section including the center axis of the center
electrode tip 29 can be used for the cross section for deter-
mining R1, R2, G1, and G2.

Further, when the center axis of the ground electrode tip 39
does not match the center axis of the center electrode tip 29,
the edge-to-edge distance G21 in the first direction of FIG. 3
may be different from the edge-to-edge distance G22 in the
second direction. In this case, the average distance of the two
distances G21 and G22 can be used as the edge-to-edge
distance G2, as described in the above-described embodi-
ment.

(2) In the above-described embodiment, the ground elec-
trode tip 39 is welded directly on the surface 31S of the
ground electrode body 31. Alternatively, a stage projecting
from the surface 31S of the ground electrode body 31 toward
the center electrode 20 may be arranged and the ground
electrode tip 39 may be welded on this stage. That is, in FIG.
2, the stage may be arranged between the ground electrode tip
39 and the ground electrode body 31. In this case, a sum value
of'the axial direction length ofthe stage and the axial direction
length of the ground electrode tip 39 is used for the projection
length T. As can be seen from the above description, the
ground electrode tip 39 is an example of the projection part in
the above-described embodiment, and the entirety of the
stage and the ground electrode tip 39 is an example of the
projection part in the present modified example.

(3) It is considered that the improvement of the ignitability
and the wear resistance of the spark plug 100 of the above-
described embodiment are achieved by that R1, R2, G1, and
(G2 are set within the above-described ranges, as described
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above. Therefore, elements other than these parameters, for
example, the material and/or the dimension of the details of
the metal shell 50, the material and/or the dimension of the
details of the insulator 10, and the like may be changed in
various ways. For example, the material of the metal shell 50
may be a low-carbon steel plated with a zinc plating or a
nickel plating, or may be a non-plated low-carbon steel. Fur-
ther, the material of the insulator 10 may be various insulating
ceramics other than alumina. Further, the ground electrode
body 31 may not have the core part 31D.

(4) Although the core part 31D buried in the ground elec-
trode body 31 of the spark plug 100 in the above-described
embodiment is formed of one layer, the core part 31D may be
formed by multiple layers. For example, the core part 31D
may have a two-layer structure having an external layer that is
formed of copper and an internal layer that is buried inside the
external layer and formed of nickel.

As set forth, while the present invention has been described
based on the embodiments and the modified examples, the
above-described forms of implementing the invention are
intended to facilitate the understanding of the present inven-
tion and not intended to limit the present invention. The
present invention can be modified and/or improved without
departing from the spirit thereof and the scope of the claims,
and its equivalents are included in the present invention.

DESCRIPTION OF REFERENCE NUMERALS

5 Gasket

6 Ring member

8 Plate packing

9 Talc

10 Insulator

12 Through hole

13 Nose part

15 Step part

16 Step part

17 Front-end-side trunk part
18 Rear-end-side trunk part
19 Flange part

20 Center electrode

21 Center electrode body
21A Electrode base material
21B Core part

23 Head part

24 Flange part

25 Nose part

29 Center electrode tip

29 Electrode tip

30 Ground electrode

31 Ground electrode body
33 Electrode tip

37 Welded part

39 Ground electrode tip

40 Terminal metal fitting
41 Cap mounting part

42 Flange part

43 Nose part

50 Metal shell

51 Tool engagement part
52 Mounting screw part

53 Crimp part

54 Seat part

56 Step part

58 Compressively deformed part
59 Insertion hole

60 Conductive seal
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70 Resistor
80 Conductive seal
100 Spark plug

Having described the invention, the following is claimed:

1. A spark plug comprising:

a center electrode including a center electrode body
extending in an axial direction and a center electrode tip
joined to a front end of the center electrode body;

an insulator having an axial hole extending in the axial
direction, the center electrode being arranged in the axial
hole;

ametal shell arranged around an outer circumference of the
insulator; and

a ground electrode including a ground electrode body elec-
trically connected to the metal shell and a projection part
that is a portion projecting toward the center electrode
from an end part of the ground electrode body, the pro-
jection part including a ground electrode tip forming a
gap between itself and the center electrode tip,

wherein a particular cross section includes a center axis of

the center electrode tip,
wherein two directions that are orthogonal to the center
axis of the center electrode tip and opposed to each other
are denoted as a first direction and a second direction,
wherein an outer diameter of a first face that is a face of the
center electrode tip forming the gap is denoted as R1,

wherein an outer diameter of a second face that is a face of

the ground electrode tip forming the gap is denoted as
R2,

wherein a length of the gap is denoted as G1,

wherein an average distance of a distance between an end
in the first direction of the first face and an end in the first
direction of the second face and a distance between an
end in the second direction of the first face and an end in
the second direction of the second face is denoted as G2,
and
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wherein the following is satisfied:
R2/R1>1,
RI<R2,
G2/G1>1,

0.5 mm=R1=<1.1 mm,

0.7 mm=R2<1.2 mm,
1<R2/R1<1.8,

0.6 mm=Gl=1.3 mm, and

1.4=R2/R1xG2/G1=1.8.

2. The spark plug according to claim 1, wherein R2/R1x
G2/G1<1.69 is satisfied.

3. The spark plug according to claim 2, wherein, when a
length to the second face from a surface of the ground elec-
trode body on which the projection part is arranged is denoted
as T, 0.7 mm=T=1.1 mm is satisfied.

4. The spark plug according to any one of claims 1 to 3,

wherein the ground electrode body is a bar-shaped member

including a base material that is a portion forming at
least a part of a surface of the ground electrode body and
a core part buried in the base material and having a
higher thermal conductivity than the base material, and

wherein, when a length in a longitudinal direction of a

portion including the core part of the ground electrode
body along a shape of the ground electrode body is
denoted as L. and a length in the axial direction from a
front end of the metal shell to a front end of the ground
electrode is denoted as C, 0.98<[./C=1.48 is satisfied.
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